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1 Introduction
This paper discusses necessary signalling modifications to support mobility procedures for dual connectivity. The discussion is based on the current RAN3 agreements [5], with focus on mobility. Non-mobility procedures for adding/modifying and releasing SeNBs are discussed in [6].
The signalling sequences assume the common architecture as presented in [7], where the following three bearer types are proposed:

1. bearers served by MeNB, referred to as MCG DRBs

2. bearers served by SeNB, referred to as SCG DRBs

3. bearers served by MeNB and SeNB, referred to as split DRBs

The following scenarios can be seen as non-mobility use cases and are addressed in [6]: 

-
Offload of traffic from resources provided by the MeNB towards resources provided by the SeNB;

-
Modification of RRC configuration related to the SeNB connection; Removal of resources provided by the SeNB for the UE.
In this paper, we will address the mobility use cases, in particular:

-
Change of SeNB while maintaining MeNB. 

-
Change of MeNB while maintaining one or more SeNB under service. 
2 Discussion
2.1 General principles

In this subsection we discuss general principles for the mobility procedures over X2, assuming autonomous RRM entities in the eNBs involved in dual connectivity. The principles are as follows:
-
Although the MeNB would keep the overall control for a UE in dual connectivity, it is finally the SeNB’s decision whether resources requested by the MeNB for a particular UE are granted.
-
The eNBs involved in dual connectivity would need to have quite up-to-date information about the UE’s current overall resource allocation. This is managed by nodes sharing its intended UE configuration to enable alignment before reconfiguring the UE.
2.2 Non-Mobility SCG Resource Management
The non-mobility use cases address handling of SCG resources to meet UE service demands and load management requirements. It can be seen as relying upon SCG addition, modification and release procedures as are further described in [2,3].
Some key components include mechanisms to share eNB configurations and UE capabilities between MeNB and SeNB, and also that configuration proposals can be negotiated between MeNB and SeNB.
2.3 Inter SeNB mobility while maintaining MeNB

First scenario is changing of SeNB for the UE while maintaining MeNB. Significant for this scenario is the fact that the anchor point at the MeNB is kept unchanged, i.e. this scenario does not foresee mobility of the S1-MME termination point at the E-UTRAN.

This scenario is probably the most common mobility scenario. One can easily imagine the likelihood of inter-pico mobility under a common macro cell’s coverage. The baseline approach is to first release the first SeNB, triggered by the MeNB, followed by an SeNB addition by the MeNB. However, it is also worth discussing if there are advantages with a more integrated procedure.
A possible message flow might then look like as follows:
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Figure 2.1-1: inter-SeNB mobility – keeping MeNB.
As can be seen in Figure 2.1-1, this scenario can be supported by utilising signalling necessary for non-mobility scenarios discussed in [2,3].
The main effort concerns complexity comparable to a “normal” X2 HO. At the MeNB side, there is need for co-ordinating the SeNB mobility, dealing with the control of 2 X2 interface instances and RRC signalling. 

As can be seen from Figure 2.1-1, step 6, it is expected that the MeNB configures the release of S-SeNB resources and the addition of T-SeNB resources in a single RRC message (i.e. there is not separate RRC signalling foreseen in the course S-SeNB Release in steps 11 and 12.). The SeNB Release procedure in steps 11/12 would then need to support the function on X2 level only (removal of radio and X2 resources without UE interaction).

Steps 3&4 are introduced to support data forwarding (step 5) in case of SCG DRBs, i.e., the only function of SeNB Modification is to establish data forwarding resources. It could be that the MeNB has configured SCG DRB resources in S-SeNB and Split DRB resources in T-SeNB, in which case step 5b is not applicable.

Starting data forwarding (5a) should be implementation dependent.

An alternative would be to consider first a S-SeNB release as one procedure, followed by a T-SeNB addition as a second procedure. However, since one of the ambitions with dual connectivity is to ensure good performance for small cell handovers, it seems preferable to support a single RRC step (steps 6 and 7) to reconfigure the UE. 

Proposal 1 Releasing one SeNB and adding another SeNB for a UE in a single RRCConnectionReconfiguration message should be enabled.

2.4 Inter MeNB mobility – keeping SeNB

In the second scenario, the MeNB is changed while keeping SeNB. In other words, the anchor point is moved from the S-MeNB to the T-MeNB. In principle, it would be straight forward to perform this by utilising existing X2 handover signalling. It is expected that SeNB related information would need to be transferred in between the involved MeNB.

This likelihood of this scenario is less than for the previous scenario. One can imagine this scenario to happen in between MeNB coverage areas, where an SeNB spans across the overlapping macro area. Whether or not this scenario should be supported depends on the effort and benefits to do so. 

RRM-wise and network-planning-wise it could make sense to allow it without reverting back to single-connectivity. It could also be seen as a control plane handover, separated from a user plane/bearer handover.
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Figure 2.2-1: inter-MeNB mobility – keeping SeNB.
As can be seen in Figure 2.2-1, X2 HO would need to take place in order relocate the MeNB function towards the target MeNB.

1.
The Handover Request message in step 1 would have to carry SeNB context information (any information that would be needed to transfer SeNB information as available at the S-MeNB to the T-MeNB). 

2./3.
The SeNB Addition procedure doesn’t actually add SeNB resources, it basically establishes the X2 signalling connection between the T-MeNB and SeNB. In case of UP option 1A, a new security context would need to be established, as security material should be derived from the T-MeNB.

5.
Data forwarding addresses might have been exchanged in steps 1 and 4, in which case data forwarding might start as early as shown above, exact timing is implementation specific as for X2 handover.

6/7/8. The RRCconnectionReconfiguration procedure can be extended to make sure that that the existing SCG is maintained..

10. The S-MeNB releases the signalling connection towards the SeNB. In case of data forwarding this may happen when UP packets with the end marker have been received.

12.
The T-MeNB releases the X2 signalling connection towards the S-MeNB, as for any normal X2 HO.
However, SA3 has concluded [4] that it requires more work on security in order to support MeNB handover while maintaining SeNB. Therefore, also considering the lesser likelihood of this handover scenario it is reasonable to down-prioritize this use case in Rel. 12.
Proposal 2 Support for maintaining an SeNB connection during MeNB handover shall be down-prioritized in Rel. 12. Instead, SCG and split DRBs are released and then added when the handover to the target MeNB has been completed. 
3 Conclusion and Proposal
This document provides mobility procedures for dual connectivity. Based on the discussion and proposed signalling flows, we make the following proposals:
Proposal 1
Releasing one SeNB and adding another SeNB for a UE in a single RRCConnectionReconfiguration message should be enabled.
Proposal 2
Support for maintaining an SeNB connection during MeNB handover shall be down-prioritized in Rel. 12. Instead, SCG and split DRBs are released and then added when the handover to the target MeNB has been completed.
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